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RECEIVER DETECTING SIGNALS BASED
ON SPECTRUM CHARACTERISTIC AND
DETECTING METHOD THEREOF

BACKGROUND

The present invention relates to a wireless communication
system, and more particularly, to a receiver receiving target
signals complying with a specific wireless communication
specification comprising a specific spectrum characteristic,
and a receiving method thereof.

In a wireless local area network (WLAN) system, multiple
carriers share a frequency band, and each carrier occupies a
sub-band (1.e. a channel) of the frequency band for signal
transmission. In general, carriers are put as far away from
cach other as possible by channel planming in order to avoid
adjacent channel interference. However, because the amount
of carriers in a frequency band has increased rapidly due to
the growth of wireless apparatus, carriers being arranged
closely 1n the frequency band 1s unavoidable (for example, a

neighbor channel may only be £5 MHz from a target chan-
nel), causing signal overlaps at the receiving end.

In order to reduce the effects of adjacent channel interfer-
ence or adjacent interference sources (such as probe requests
sent by devices in the adjacent band), a traditional recerver
100 1s designed to have the architecture shown in FIG. 1.
When receiving signals, the traditional receiver 100 1nitially
down converts a recerved signal to base band and extracts a
packet of the received signal through a packet detection unit
110. After an automatic gain controller (AGC) 120 locks the
packet, a signal quality detecting unit 130 detects the packet,
which 1s usually a preamble packet or a packet of traiming
sequences of the received signal, to check whether the
received signal 1s a desired 1in-band signal (1.e. a signal in the
same channel used for transmitting desired data). When the
received signal 1s detected as the in-band signal, the following,
blocks 1n the receiver 100 proceed to obtain the data carried in
the recerved signal. It the signal quality detecting unit 130
determines that the received signal 1s not the 1mn-band signal,
however, the receiver 100 discards the received signal and
restarts to detect a next mncoming signal.

As can be seen, a main function of the signal quality detect-
ing unit 130 1s to quickly and correctly differentiate desired
in-band signals from out-of-band signals that overlap into the
target recetving channel of the recerver 100. If the signal
quality detecting unit 130 mistakes the out-oi-band signal as
the 1n-band signal, a false alarm occurs. The data decoded by
the receiver 100 1s incorrect 1n this situation, and even if the
error 1s detected by the decoder later, power 1s consumed and
a time loss 1s formed. The faster the out-of-band signal 1s
distinguished by the signal quality detecting umt 130, the
sooner the recerver 100 can restart to prepare for detecting the
next incoming signal, and therefore there 1s a lower packet
miss rate.

Common techniques utilized by the signal quality detect-
ing unit 130 for detecting in-band signals are auto-correlation
and cross-correlation, which are standard methods of estimat-
ing the degree to which two series are correlated 1n the time
domain. However, elliciency of the signal quality detecting
unit 130 adopting auto-correlation or cross-correlation may
not be acceptable when the channel condition 1s severe. This
1s because the m-band signal may be distorted by 1nter-sym-
bol-interference (ISI) caused by severe multi-path channels.
Further, the correlation strength of the in-band signal dertved
by the signal quality detecting unit 130 becomes weaker due
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2

to interferences so that the signal quality detecting unit 130
cannot correctly distinguish the 1n-band signal from 1nterfer-
€nce noise.

SUMMARY

One objective of the present invention 1s therefore to pro-
vide a method of detecting an 1n-band signal complying with
a specific communication specification and a receiver apply-
ing said method, which can reduce the packet miss rate and
the false alarm rate while robust to a severe channel condition.
The method utilizes frequency information of a recerved
packet to differentiate an in-band signal from out-of-band
signals, therefore fast and accurate signal quality detection 1s
achieved.

According to an exemplary embodiment of the present
invention, a method of detecting a target signal complying
with a specific communication specification comprising a
specific spectrum characteristic 1s disclosed. The method
comprises detecting a packet of an input signal; transforming
the packet from a time domain to a frequency domain to
derive a spectrum characteristic of the input signal; and deter-
mining whether the input signal 1s the target signal according
to the spectrum characteristic of the input signal.

According to another exemplary embodiment of the
present invention, a receiver for recewving a target signal
complying with a specific communication specification com-
prising a specific spectrum characteristic 1s disclosed. The
receiver comprises a detecting module, a transforming unit
and a determiming unit. The detecting module 1s for detecting
a packet of an input signal. The transforming unit 1s coupled
to the detecting module, and 1s for transforming the packet
from a time domain to a frequency domain to derive a spec-
trum characteristic of the input signal. The determining unit1s
coupled to the transforming umt, and 1s for determining
whether the iput signal 1s the target signal according to the
spectrum characteristic of the input signal. These and other
objectives of the present invention will no doubt become
obvious to those of ordinary skill in the art after reading the
following detailed description of the preferred embodiment
that 1s 1llustrated 1n the various figures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a conventional receiver.

FIG. 2 1s a block diagram of a signal quality detecting unit
ol a receiver according to an exemplary embodiment of the
present 1nvention.

FIG. 3(a) 1s a diagram showing a transmission spectrum
mask standard defined in the IEEE802.11b Barker/CCK
specification.

FIG. 3(b) 1s a diagram showing a transmission spectrum
mask standard defined 1n the IEEE802.11a OFDM specifica-
tion.

FIG. 4(a) 1s a diagram of output tones of an OFDM/CCK
signal without frequency shift.

FIG. 4(b) 1s a diagram of output tones of an OFDM/CCK
signal with frequency shuft.

FIG. 5(a) shows a diagram of spectrum of a target signal 1n
the target recerving channel.

FIG. 5(b) shows a diagram of spectrums of adjacent inter-
ference signals 1n the target receiving channel, wherein the
adjacent channel signals are in channels £5 MHz and £10
MHz from the target recerving channel.

FIG. 6 1s a diagram of a determiming unit according to an
exemplary embodiment of the present invention.
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FIG. 7 1s a tlow chart showing the detection process per-
tormed by the signal quality detecting unit 1n FIG. 2 accord-
ing to an exemplary embodiment of the present invention.

FIG. 8 1s a diagram of a signal quality detecting unit
according to an exemplary embodiment of the present mnven-
tion.

FI1G. 9(a) and FIG. 9(b) show simulated improvements of
the present invention in packet miss rate and false alarm rate
respectively.

FIG. 10 shows the simulated improvements of the present

invention in packet miss rate and false alarm rate when Ec/NO
1s fixed at 10 dB.

DETAILED DESCRIPTION

Certain terms are used throughout the description and fol-
lowing claims to refer to particular components. As one
skilled 1n the art will appreciate, manufacturers may refer to a
component by different names. This document does not
intend to distinguish between components that ditfer in name
but not function. In the following description and in the
claims, the terms “include” and “comprise” are used 1n an
open-ended fashion, and thus should be mnterpreted to mean
“include, but not limited to . . . 7. Also, the term *“couple” 1s
intended to mean either an indirect or direct electrical con-
nection. Accordingly, if one device 1s coupled to another
device, that connection may be through a direct electrical
connection, or through an indirect electrical connection via
other devices and connections.

The present invention provides a receiver that 1s able to
properly detect target signals (1.e. in-band signals) 1n a short
time. Compared to the conventional receiver 100 shown in
FIG. 1, a signal quality detecting unit of the proposed recerver
turther utilizes frequency domain information of an nput
signal to help determine whether the mput signal 1s the target
signal. In one embodiment, spectrum of the input signal 1s
analyzed to examine a correlation degree between the spec-
trum of the input signal and a transmission spectrum mask
defined 1n the communication specification of the target sig-
nal. Therefore, the present invention 1s suitable for detecting
any 1n-band signal complying with a specific spectrum char-
acteristic, and can be implemented 1n most wireless broad-

band systems, such as WLAN, Worldwide Interoperability
for Microwave Access (WiIMAX), and Ultra-wideband

(UWB).

FI1G. 2 1s a block diagram of a signal quality detecting unit
200 according to an exemplary embodiment of the present
invention. As shown in FIG. 2, the signal quality detecting
unit 200 comprises a frequency shifter 210, a transforming,
unit 220 and a determining unit 230. It should be noted that
the frequency shifter 210 1s an optional element of the signal
quality detecting unit 200, the reason for which will be 1ntro-
duced later. When a packet detection unit (not shown) of the
receiver has detected a packet of an input signal, the packet 1s
delivered to the signal quality detecting unit 200. The
Complementary Code Keying (CCK) specification and
Orthogonal Frequency Division Multiplexing (ODFM)
specification are taken as examples. Their respective trans-
mission spectrum mask standards are shown 1n FIG. 3(a) and
3(b). For the mput signal complying with these specific com-
munication specifications such as the OFDM specification
and the CCK specification, each packet of the input signal has
a spectrum characteristic corresponding to the transmission
spectrum mask. The transforming unit 220 therefore trans-
torms the packet detected by the packet detection unit from a
time domain to a frequency domain to derive a spectrum
characteristic of the input signal, and the determining unit 230
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4

determines whether the input signal 1s the target signal
according to the spectrum characteristic of the input signal.

The transformation performed by the transforming unit
220 1s not limited in the present invention as long as the
spectrum characteristic of the input signal can be derived. The
transformation can be Fourier Transtform, Fast Fourier Trans-
form (FFT) or Discrete Cosine Transform (DCT), etc. How-
ever, since FFT 1s the most popular technique for time-do-
main and frequency-domain transformation, the following
will take FF'T as an example to further explain the operation
and function of the transforming unit 220.

Detailed herein 1s the explanation of the reason why the
frequency shifter 210 1s optional. Please refer to FIG. 4(a),
which 1s a diagram showing four output tones outputted from
the transforming unit 220 after the transforming unit 220
performs 4-point FFT on a packet of a target signal (e.g. an
OFDM signal or a CCK signal). Note that the special property
of 4-point FF'T causes one of the four output tones to fall in the
DC level (i.e. 0 Hz) of the target signal. However, as can be
seen from FI1G. 4(a), the DC level of the OFDM signal or the
CCK signal (the CCK signal 1s filtered by a high-pass-filter in
advance to filter out the DC offset) 1s usually so small that the
output tone at DC level may not provide an effective reference
of the spectrum characteristic of the target signal to the deter-
mining unit 230. Moreover, the four output tones are unbal-
anced and thus may not be differentiated from interference
signals. Hence, 1n this situation, the packet 1s first sent to the
frequency shifter 210 to be frequency-shifted, and then the
shifted packet 1s transformed to the frequency domain by the
transforming umt 220. One general method of frequency
shifting is to multiply the packet by exp {jx2nxn/M} in the
time domain, which 1s equivalent to shiit 1/M frequency band
in the frequency domain. An example of output tones with a
14 bandwidth shift 1s shown 1n FIG. 4(56). In this embodiment,
output tones 401, 402, 403 and 404 corresponding to —44
bandwidth, —24 bandwidth, +24 bandwidth and +%& band-
width of the target signal are all large enough and balanced to
become effective references. Therefore, when the transtorm-
ing unit 220 1s a 4-poimnt FFT unit, it co-operates with the
frequency shifter 210 to provide sufficient information to the
determining unit 230. However, in another embodiment,
when the FFT adopted by the transforming unit 220 1s larger
than four points, for example, 8-point FFT, the frequency
shifter 210 1s not required since the remaining 7 output tones
apart from the output tone at DC level are suilicient for the
determining unit 230 to make decisions.

FIG. 5(a) shows a diagram of spectrum of a target signal 1n
the target receiving channel, and FIG. 5(b) shows a diagram
of spectrums of adjacent interference signals i1n the target
receiving channel, wherein the adjacent channel signals are in
the channels 5 MHz and 10 MHz from the target recerving
channel. It can be found that spectrums of the target signal and
the adjacent interference signals are very different. The spec-
trum of the target signal in the target receiving channel 1s
more balanced. If the spectrum 1s roughly divided into an
in-band frequency region and an out-band frequency region,
the magnitude of the output tone OT1 or output tone OT4 of
the target signal in the out-band frequency region i1s smaller
than that of the output tone OT2 or output tone OT3 of the
target signal in the in-band frequency region, while magni-
tudes of the output tone OT1 and output tone OT4 are
approximately equal. Because the output tones of the adjacent
interference signals do not have these frequency characteris-
tics, the determining unit 230 can utilize this spectrum char-
acteristic to differentiate the target signal from other interfer-
ence signals. The determining umit 230 first determines
whether the spectrum characteristic (e.g. output tones) of the
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input signal satisfies a predetermined condition correspond-

ing to the spectrum mask to generate a determining result, and

decides that the put signal 1s the target signal when the
determining result indicates the spectrum characteristic of the
input signal satisfies the predetermined condition.

In one embodiment, the determining unit 230 determines
whether the input signal 1s the target signal according to
magnitudes of the output tones. More specifically, in one
embodiment, as shown i FIG. 6, the determining unit 230
comprises a first comparator 610, a second comparator 620
and a third comparator 630, wherein the first comparator 610
selects a first output tone corresponding to the in-band fre-
quency region (for example, a maximal output tone 1n the
in-band frequency region), the second comparator 620 selects
a second output tone corresponding to the out-band frequency
region (for example, a maximal output tone in the out-band
frequency region), and the third comparator 630 compares the
magnitudes of the first output tone and the second output tone
to determine whether the magnitude of the first output tone 1s
larger than that of the second output tone. When the compar-
ing result of the third comparator 630 1ndicates that the mag-
nitude of the first output tone is larger than that of the second
output tone, the determining unit 230 decides that the mnput
signal 1s the target signal.

The above detection process can be summarized as a tlow
chart shown i FIG. 7. The detection process 700 comprises
the following steps:

Step 710: detect a packet of an 1nput signal.

Step 720: frequency shift the packet 1f necessary.

Step 730: transform the packet from a time domain to a
frequency domain to derive a spectrum characteristic of the
input signal.

Step 740: determine whether the spectrum characteristic sat-
isfies a predetermined condition.

Step 750: when the determining result indicates the spectrum
characteristic satisfies the predetermined condition, decide
that the mput signal 1s the target signal.

However, provided that substantially the same result 1s
achieved, the steps of the detection process 700 need not be
contiguous, that 1s, other steps can be mtermediate.

Additionally, 1n order to avoid thermal noise or burst noise
alfecting the determination of the determining unit 230, out-
put tones of the mput signal can be accumulated before they
are used for determination. Please refer to FIG. 8 in conjunc-
tion with FIG. 5(a). FIG. 8 shows another embodiment of the
signal quality detecting unit. In this embodiment, the trans-
forming unit 220 performs 4-point FFT on the input signal
more than once to generate more than four output tones. The
output tones then pass through a serial-to-parallel circuit 810
to be grouped 1nto several groups, for example, group 1 con-
tains output tones OP1, group 2 contains output tones OP2,
group 3 contains output tones OP3, and group 4 contains
output tones OP4, wherein the definition of output tones OP1,
OP2, OP3 and OP4 are illustrated i FIG. 5(a). The magni-
tude accumulator 820 accumulates magnitudes of output
tones 1n each group to generate an accumulated result, and the
comparing unit 830 determines whether the accumulated
result satisfies a predetermined condition corresponding to
the spectrum mask to generate a determining result. When the
determining result indicates the accumulated result satisfies
the predetermined condition, the determining unit 230
decides that the input signal 1s the target signal. Similar to the
embodiments of FIG. 6, the predetermined condition may be
satisfled when an accumulated magnitude of first output tones
corresponding to the in-band frequency region 1s larger than
that of second output tones corresponding to the out-band
frequency region. In this way, the signal-to-noise ratio (SNR)
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ol the output tones 1s raised, thereby eliminating noise affect
and 1ncreasing the accuracy of determining whether the input
signal 1s the target signal.

The signal quality detecting unit utilizes the property that
when the target signal complies with a specific communica-
tion specification comprising a specific transmission spec-
trum mask, output tones of signals which are 5 MHz or more
than 5 MHz away from the target recerving channel measured
in the target recerving channel are dissimilar to the spectrum
characteristic corresponding to the specific transmission
spectrum mask.

It should be noted that the determiming unit 230 detailed 1n
FIG. 6 or FIG. 8 1s for illustrative purposes only and 1s not
meant to be a limitation of the present invention. The prede-
termined condition utilized in the determining unit 230 1s not
limited by the above examples.

FIG. 9(a) and F1G. 9(b) show the simulated improvements
in packet miss rate and false alarm rate of the present inven-
tion respectively. The simulated condition 1s that the channel
has 250 ns root-mean-squared (RMS) delay, and the interfer-
ence 1s adjacent signals at +5 MHz neighboring the target
signal. As can be seen from the simulation results, the packet
miss rate is reduced to be less than 10~ when Ec/N0O is 15 dB,
where NO represents noise power and Ec represents signal
power, and the maximal false alarm rate in a worst channel
condition 1s about 5%, which 1s a 5% 1improvement compared
to the conventional receiver. Moreover, FIG. 10 shows the
simulated improvements 1n packet miss rate and false alarm
rate of the present invention when Ec/NO 1s fixed at 10 dB.
The proposed receiver design obtains great improvement 1n
both packet miss rate and false alarm rate. The tolerant delay
spread of multi-path channel of the proposed receiver design
1s 400 ns, which 1s a 150 ns improvement compared to the
conventional receiver.

Note that the above embodiments of the receiver of the
present invention all focus on the usage of frequency nfor-
mation ol the input signal. However, the recerver can also
apply the conventional correlation detecting ways utilizing
time domain information of the mput signal to further
increase the accuracy of detection of the target signal. Differ-
ent from the conventional recerver, a gain controller (or auto-
matic gain controller) can be coupled to the transforming unit
or coupled to the determining unit. That 1s, the timing of
controlling the gain setting applied to the mput signal 1s not
limited. The gain setting can be controlled before the packet
1s transiformed from the time domain to the Irequency
domain, or after the input signal 1s decided as the target signal.
These alternative designs all fall within the scope of the
present 1nvention.

The present invention utilizes low complexity FFT-based
spectrum analysis to minimize the adjacent channel interfer-
ence, enhancing the detection capability and overcoming the
signal distortion under severe multi-path channels. An advan-
tage of the present invention 1s that the detecting mechanism
starts 1mmediately when a packet of the input signal 1s
detected, and can take as little as 100 ns for the proposed
signal quality detecting unit to detect an in-band OFDM
signal or 45 ns to detect an mn-band CCK signal. In other
words, the detection of the 1n-band signal can be completed in
the short preamble region of an OFDM/CCK signal. For
example, 1f the transforming unmit 220 utilizes 4-point FFT,
only a symbol of the mput signal 1s suilicient for packet
differentiations, thereby achieving fast in-band signal detec-
tion.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
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What 1s claimed 1s:

1. A method of detecting a target signal complying with a
specific communication specification comprising a specific
spectrum characteristic, the method comprising:

detecting a packet of an mput signal;

transforming the packet from a time domain to a frequency
domain to derive a spectrum characteristic of the mput
signal; and

determining whether the input signal 1s the target signal
according to the spectrum characteristic of the nput
signal, wherein a spectrum of the mput signal in the
frequency domain comprises a plurality of output tones,
comprising;
determining whether the iput signal 1s the target signal

according to magnitudes of the output tones.

2. The method of claim 1, wherein the step of determining,
whether the mput signal 1s the target signal comprises:

determining whether the spectrum characteristic of the
iput signal satisfies a predetermined condition corre-
sponding to the specific spectrum characteristic to gen-
crate a determining result; and

when the determining result indicates the spectrum char-
acteristic of the input signal satisfies the predetermined
condition, deciding that the mput signal 1s the target
signal.

3. The method of claim 1, wherein the specific spectrum
characteristic corresponds to a transmission spectrum mask.

4. The method of claim 1, wherein the packet 1s a preamble
packet of the input signal.

5. The method of claim 1, wherein the output tones of the
input signal are grouped 1nto several groups, and the step of
determining whether the input signal 1s the target signal com-
Prises:

accumulating magnitudes of corresponding output tones in

cach group to generate an accumulated result;

determining whether the accumulated result satisfies a pre-
determined condition corresponding to the speciiic
spectrum characteristic to) generate a determining
result; and

when the determining result indicates the accumulated
result satisfies the predetermined condition, deciding
that the 1input signal 1s the target signal.

6. The method of claim 5, wherein the spectrum of the input
signal comprises an in-band frequency region and an out-
band frequency region, and the predetermined condition 1s
satisfied when an accumulated magnitude of a plurality of
first output tones corresponding to the in-band frequency
region 1s larger than that of a plurality of second output tones
corresponding) to the out-band frequency region.

7. The method of claim 1, wherein the spectrum of the input
signal comprises an in-band frequency region and an out-
band frequency region, and the step of determining whether
the input signal 1s the target signal according to magnitudes of
the output tones comprises:

determining whether a magnitude of a first output tone
corresponding to the in-band frequency region 1s larger
than a magnitude of a second output tone corresponding
to the out-band frequency region; and

when the magnitude of the first output tone corresponding
to the in-band frequency region 1s larger than the mag-
nitude of the second output tone corresponding to the
out-band frequency region, deciding that the input signal
1s the target signal.

8. The method of claim 7, wherein the first output tone 1s a
maximum tone of output tones corresponding to the in-band
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frequency region and the second output tone 1s a maximum
tone of output tones corresponding to the out-band frequency
region.

9. The method of claim 1, further comprising:

frequency shifting the packet belore the packet 1s trans-
formed from the time domain to the frequency domain.

10. The method of claim 1, turther comprising:

controlling a gain setting applied to the input signal before
the packet 1s transformed from the time domain to the
frequency domain or after the iput signal 1s decided as
the target signal.

11. The method of claim 1, wherein the specific commu-
nication specification 1s an OFDM specification or a comple-
mentary code keying (CCK) specification.

12. A receiver for receiving a target signal complying with
a specific communication specification comprising a specific
spectrum characteristic, the recetver comprising;

a detecting module, detecting a packet of an 1nput signal;

a transforming unit, coupled to the detecting module, trans-
forming the packet from a time domain to a frequency
domain to derive a spectrum characteristic of the input
signal, wherein a spectrum of the mput signal i the
frequency domain comprises a plurality of output tones;
and

a determining unit, coupled to the transforming unit, for
determining whether the input signal 1s the target signal
according to magmtudes of the output tones.

13. The receiver of claim 12, wherein the determining unit
determines whether the spectrum characteristic of the mput
signal satisfies a predetermined condition corresponding to
the specific spectrum characteristic to generate a determining,
result, and decides that the input signal 1s the target signal
when the determining result indicates the spectrum charac-
teristic of the input signal satisfies the predetermined condi-
tion.

14. The receiver of claim 12, wherein the specific spectrum
characteristic corresponds to a transmission spectrum mask.

15. The receiver of claim 12, wherein the output tones of
the mput signal are grouped into several groups, and the
determining unit comprises:

a magnitude accumulator, coupled to the transforming
unit, accumulating magnitudes of corresponding output
tones 1in each group to generate an accumulated result;
and

a comparing unit, coupled to the magnitude accumulator,
determining whether the accumulated result satisfies a
predetermined condition corresponding to the specific
spectrum characteristic to generate a determining result,
and deciding that the mput signal 1s the target signal
when the determining result indicates the accumulated
result satisfies the predetermined condition.

16. The receiver of claim 15, wherein the spectrum of the
input signal comprises an in-band frequency region and an
out-band frequency region, and the predetermined condition
1s satisfied when an accumulated magnitude of a plurality of
first output tones corresponding to the in-band frequency
region 1s larger than that of a plurality of second output tones
corresponding to the out-band frequency region.

17. The recerver of claim 12, wherein the spectrum of the
input signal comprises an in-band frequency region and an
out-band frequency region, and the determining unit com-

Prises:
a first comparator, selecting a {irst output tone having a

maximum magnitude among the output tones corre-
sponding to the mn-band frequency region;
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a second comparator, selecting a second output tone having,
a maximum magnitude among the output tones corre-
sponding to the out-band frequency region; and

a third comparator, coupled to the first comparator and the

second comparator, comparing magnitude of the first 5

output tone and magnitude of the second output tone to
generate the determining result;

when the magnitude of the first output tone 1s larger than
the magnitude of the second output tone, the determin-
ing unit decides that the input signal 1s the target signal.

10

18. The receiver of claim 12, further comprising:

a frequency shifter, coupled to the transforming unit, for
frequency shifting the packet before the packet 1s trans-
formed from the time domain to the frequency domain.

19. The receiver of claim 12, wherein the recetver 1s imple-

mented 1n an OFDM system or a complementary code keying
(CCK) system.
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